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SUMMARY 

Water quality in sewage lagoons deteriorates 
drastically during the winter period. This deterioration is 
caused by one or more of the following conditions: 

1. the lagoons become anaerobic and release soluble 
compounds such as phosphorus and ammonia from the 
sediments 

2. there is a chemical reduction of some compounds (e.g. 
sulphate to sulphides) under anaerobic conditions 

3. there is a concentrating of the soluble compounds as a 
result of the surface water molecules freezing, forcing 
the ions into the liquid fraction 

4. the cold water temperatures (0-5 C) cause a decrease in 
microbiological activity. 

Intensive sampling of ten lagoon systems in the 
winter of 1978-79 demonstrated that soluble parameters 
increased (e.g. soluble phosphorus) or decreased (e.g. 
dissolved oxygen) with duration of ice cover, and returned 
in the spring to concentrations measured in the fall. The 
suspended parameters (solids and bacteria) showed no definite 
trends throughout the duration of the study. 

Lethal concentrations of hydrogen sulphide were 
generated in nine of the ten lagoon systems studied. Ammonia 
levels were also lethal in most of the lagoon systems after 
the spring melt. All four of the continuously discharging 
lagoons studied discharged concentrations of hydrogen sulphide 
100 times greater than the lethal 96-hr. LC 50 level for 
fish life. Phenol concentrations far in excess of levels 
that can result in tainting of fish flesh were recorded as 
well as phosphorus levels in excess of 2 mg/1 . Three of the 
lagoon systems were releasing lethal concentrations of un- 
ionized ammonia during the spring discharge period. 
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INTRODUCTION 



Many facultative sewage lagoons in Ontario discharge 
treated effluent to streams and rivers during the winter 
period. During the winter of 1978-79 the Technical Support 
Section of the Southwestern Region undertook a study to 
determine changes in the effluent or contents of sewage 
lagoons under winter conditions. It was known that facultative 
sewage lagoons became anaerobic during the winter period, 
but a good knowledge of the quality was lacking. Ten sewage 
lagoon systems were selected for the study. The lagoons 
selected have a variety of operational modes and raw sewage 
loadings, and are located within different climatic areas 
within the Southwestern Region. 

The ten sewage lagoon systems that were selected 
for the study are shown in Table 1. This table indicates 
the number of lagoon cells, total acreage and receiving 
water body while Figure 1 shows the location of the lagoons 
throughout the region. 

SURVEY PROCEDURES 

Chemical, bacteriological and physical data from 
each cell of the lagoons were collected bi-weekly from 
November through May. All samples were taken from the 
discharges or from the lagoons within 10 feet of the discharge 
structures when there were no discharges. The samples were 
collected just below the air/water or ice/water interface. 
Sampling holes through the ice were made by an axe or a 
gasoline-powered ice auger. 

The chemical and bacteriological samples were 
protected from freezing and returned to the London laboratory 
of the Ministry of the Environment within 24 hours for 
analysis. Dissolved oxygen, temperature and pH were measured 
in the field by meters that were calibrated daily. The 
percentage of the lagoon having ice cover and the colour of 
the samples were also recorded in the field. 
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Table 1. Lagoon systems studied during the winter of 1978-79. 



Lagoon 


Total 


Area 


Number of 




System 


Hectares 


Acres 


Cells 


Receiver 


Aylmer 


29.1 


71.9 


k 


Catfish Ck. 


Belmont 


6.6 


16.2 


2 


Kettle Ck. 


Ridgetown 


16.0 


39.5 


3 


Trib, to Thames R 


Tavistock 


13.0 


32.0 


2 


Trib. to Thames R 


Mitchell 


27.3 


67.5 


3 


N. Thames R. 


Listowel 


28.5 


70.5 


3 


Chapman Dr. 


Wi ngham 


12.1 


30.0 


2 


Maitland R. 


Ki ncardine 


13.8 


3h.] 


3 


Lake Huron 


Chesley 


6.9 


17.0 


3 


N. Saugeen R. 


Strathroy 


24.3 


60 


2 


Sydenham R, 
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20 40 60 80 100 kilometres 



Figure 1. 



Location of sewage lagoons studied during 
winter of 1978-79. 



the 
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Special lagoon samples were split into two parts. 
One half of the sample was partially frozen from the top 
down while the other half of the sample was refrigerated. 
Analyses were then performed on the frozen water, the liquid 
fraction from below the ice and the refrigerated sample to 
determine differences in concentration. 

RESULTS AND DISCUSSIONS 

The analytical results for the samples collected 
are presented in Tables 2 through 11. Seven of the more 
interesting parameters are plotted for the ten lagoons in 
Figures 2 through 8. Table 12A through 12J present the 
sewage flows and influent concentrations from samples 
collected by the lagoon operators. 

From the information collected during the study 
and from other small experiments, there appears to be three 
major reasons for the deterioration in lagoon quality during 
the winter. 

Firstly, the cold water temperatures (0-5°C) 
decrease microbiological activity. Since lagoons are 
microbiological treatment systems, a decrease in activity 
will result in a decline in removal efficiencies and thus a 
decrease in quality. 

Secondly, the concentrating of all soluble parameters 
in the liquid fraction occurs as a result of freezing. From 
experiments conducted by this office, it appears that there 
is a drastic reduction in the concentration of the soluble 
parameters in the ice fraction with a subsequent increase of 
the concentration in the liquid fraction when water is 
frozen from the top down. 
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The third reason for the decline in lagoon quality 
is the anaerobic condition resulting from the ice cover 
eliminating the air/water interface. The aerobic layer of 
the facultative lagoon disappears and the whole system 
becomes anaerobic. This in turn may result in possible 
denitrif ication and the release of soluble compounds from 
the rich organic mud. The oxidation-reduction potential 
decreases which results in the reduction of some compounds 
(e.g. sulphate to sulphides) . Also, the low water temperatures 
retards the anaerobic digestion of the waste materials. 

As shown by the data, the concentrations of most 
parameters changed with ice cover and then returned to pre- 
freezeup conditions in the spring. 

DISSOLVED OXYGEN 

In all lagoon cells studied, the dissolved oxygen 
fell below 1 milligram per litre (mg/l) except at Cells #2 
and #3 at Ridgetown. Cell #2 at Ridgetown had an algal 
bloom throughout the winter, while Cell #3 was green through- 
out most of the sampling period. About 15% of Cell #3 
supported cattails. The data for soluble phosphorus, nitrite 
and nitrate indicate that Cell #2 was anaerobic. It is 
possible that the persistent algal growth creates a diurnal 
dissolved oxygen condition which produced aerobic conditions 
during the day and anaerobic conditions at night. Also, the 
low organic loading of 4 to 6 kilograms per hectare per day 
may explain why this lagoon maintained higher dissolved 
oxygen concentrations during daylight hours. 

BOD^ 

In most of the lagoons, the BODj. followed a 
sinusoidal curve, increasing with duration of ice cover as 
shown in Figure 7. The variation in the operational mode 
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accounts for the fluctuations in the BODc levels where the 
raw sewage is diverted through different cells for various 
lengths of time (Table 12 defines the operational mode of 
the lagoons studied during the survey). By late winter, 
BODc levels had generally increased from 2 to 5 times their 
fall concentrations in the different cells studied. The 
greatest increase occurred at T. 
concentration rose to 150 mg/1. 



greatest increase occurred at Tavistock where the BODc 



PHOSPHORUS 

Winter total phosphorus concentrations increased 
in most of the lagoon systems studied. This increase may be 
attributable to reduced phytoplankton growth during the 
winter, freezing of the surface liquid and/or a release of 
soluble phosphorus from the sediments. The release of 
soluble phosphorus would increase the total phosphorus. 

The percentage of soluble phosphorus relative to 
total phosphorus increased during the winter in most of the 
lagoons. It is interesting to note that in Listowel Cell #1 
(aerated cell) this phenomenon did not occur. Under anaerobic 
conditions, a higher percentage of the phosphorus in lagoons 
is in the soluble form. The maximum total phosphorus concentration 
measured during the study was 11.8 mg/1 at Tavistock Cell #2 
with a corresponding soluble phosphorus level of 11.2 mg/1. 
This Ministry's criterion for total phosphorus to avoid 
excessive plant growth in rivers and lakes is 0.03 mg/1 and 
0.02 mg/1 respectively during the growing season. This 
Ministry's criterion for discharges to most water courses is 
1 mg/1 or less of total phosphorus. 

NITROGEN 

Total Kjeldahl nitrogen concentrations followed 
the same curve as most of the other parameters. During 
February, the concentration of Kjeldahl nitrogen increased 
to raw sewage levels. No nitrification of wastes occurs 
under 4°C which undoubtedly explains the rise in Kjeldahl 
nitrogen. Fifty to sixty percent of the nitrogen in raw 
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sewage enters lagoons as ammonia. In the lagoon cells 
studied, approximately 75-90% of the nitrogen was in the 
form of ammonia. This increase in ammonia is probably the 
result of an anaerobic condition which results in denitrif- 
ication and/or a release of ammonia from the sediments. 
This is shown by Listowel Cell #1 (aerated cell) which had 
an average of 37% of the Kjeldahl nitrogen in the ammonia 
form while Cell #3 had 83% in the ammonia form during the 
January to mid-March period. The nitrite and nitrate levels 
at Kincardine decreased to less than 0.01 and 0.1 mg/1 res- 
pectively under ice cover, indicating that denitrif ication 
does occur. 

The four continuously discharging lagoons (Chesley, 
Kincardine, Strathroy and Wingham) had maximum free ammonia 
levels of 14.8 mg/1, 26.5 mg/1, 30 mg/1 and 11.8 mg/1 
respectively in their discharges during the winter. 

The un-ionized ammonia concentration curves 
(Figure 3) were the inverse of the ammonia curves. The 
concentrations of un-ionized ammonia were lower when the 
lagoons were ice covered because of the cold temperatures 
and low pH levels. During the fall and spring, water 
temperatures were higher and most lagoons have an algal 
bloom which in turn increases the pH. Kincardine, Strathroy 
and Wingham (continuously discharging lagoons) were discharging 
lethal concentrations of un-ionized ammonia during the 
spring even though the free ammonia concentrations quickly 
decreased after the ice melted. The concentration of un- 
ionized ammonia that is considered lethal over a short 
period of time is 0.2 mg/1 (96-hour LC50) , while 0.02 mg/1 
is considered sub-lethal over a long period. This latter 
value is the Ministry's Objective for rivers and lakes. 
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pH 

In most of the cells, the pH dropped to a range 
of 7.4 to 7.6 during the winter and rose to above 8.5 in 
April and May. The shift in pH was presumably due to the 
algal blooms following the disappearance of ice cover. The 
heavier the algal bloom, the greater the increase in pH- 

PHENOLS 

Phenol levels also increased under ice cover 
(Figure 6) . A maximum concentration of 1000 micrograms per 
litre (ug/1) was measured in the discharge from Strathroy 
Cell #2. It is assumed that the phenolics are from putrefaction 
of the wastes or decaying plant matter which are not oxidized 
under anaerobic conditions. 

This Ministry's Objective for phenols to protect 
against tainting of edible fish flesh is 1 ug/1. The lethal 
concentration for phenols varies from 10 to 100 mg/1. 



HYDROGEN SULPHIDE 

Hydrogen sulphide concentrations (Figure 4) increased 
with ice cover and declined quickly when the ice melted. 
The maximum hydrogen sulphide level measured during the 
study was 4 mg/1 in Tavistock Cell #1. 

This Ministry's Objective for undissociated (molecular) 
hydrogen sulphide is 0.002 mg/1 for the protection of aquatic 
life. A concentration of 0.02 mg/1 is considered lethal {96 
hour LC50) to most aquatic life. The amount of molecular 
hydrogen sulphide ia solution is dependent on temperature 
and pH. Unlike the situation with ammonia toxicity, hydrogen 
sulphide toxicity increases as the temperature and pH decrease. 
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All cells studied except Ridgetown Cells #2 and #3 
produced lethal concentrations of hydrogen sulphide ( Figure 
5) . These are the same cells where the dissolved oxygen did 
not fall below 1 mg/1. 

The principle sulphur compound in waste water is 
sulphate which exists in solution as the SO. ion. Where 
organic matter is present and oxygen absent, sulphur-reducing 
bacteria will reduce sulphate to sulphide, using the oxygen 
to oxidize organic matter. In this reaction, 96 grains of 
sulphate makes available 64 grams of oxygen, leaving 32 
grams of sulphide ion. 

The reduction of sulphate to sulphide requires a 
medium completely devoid of free oxygen or other active 
oxidizing agents. The bottom mud of sewage lagoons provides 
the ideal medium since it is rich in organics, nutrients and 
is devoid of oxygen. During the summer, any hydrogen sulphide 
produced is quickly oxidized as it moves through the water 
column. In the winter, under ice cover, the water column 
contains low levels of oxygen and the hydrogen sulphide 
concentrations are not oxidized and thus increase. 

The rate of production of hydrogen sulphide is 
dependent on the supply of organic matter and sulphate. The 
background sulphate levels in drinking water for the municipalities 
studied varied from 0.5 mg/1 for Ridgetown to 130 mg/1 for 
Wingham. 
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Table 2. Average concentrations of sulphate 
in raw drinking water 



Municipalities Sulphate (mg/1) 

Aylmer 58 

Belmont 11 

Tavistock 27 

Listowel 9 

Mitchell 99 

Kincardine 18 

Chesley 25 

Wingham 130 

Ridgetown less than 0.5 
Strathroy 40 



Listowel is the only lagoon system studied with a 
continuous feed of alum (aluminum sulphate) for phosphorus 
removal. A concentration of 7 5 mg/1 of 4 8% aluminum sulphate 
is added to the raw sewage, thereby artifically increasing 
the sulphate level by 37 mg/1. This additional 37 mg/1 of 
sulphate is equivalent to an additional 13 mg/1 of sulphide 
being formed according to the stoichiometric equation. At a 
temperature of 0°C and a pH of 7 , this would require an 
additional 350:1 dilution for a discharge to meet the Ministry's 
Objective {0.002 mg/1) after mixing with the streamflow. 

CHLORIDES 

Chloride levels in the cells also increased with 
the formation of ice cover and decreased after the spring 
melt. This increase is probably the result of concentrating 
in the liquid fraction and/or increases in raw sewage from 
road salting, or a loss of dilution water caused by decreases 
in groundwater infiltration. In Listowel Cell #1 (aerated 
cell) , the chloride levels increased approximately 50% as a 
result of increases in raw sewage concentrations. The other 
lagoon cells studied showed increases from 20 to 150%, 
probably from a combination of the above factors. 
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SUSPENDED SOLIDS 

Suspended solid levels were very sporadic showing 
no consistent increase or decrease. Strathroy Cell #1 was 
one of the few cells studied that exhibited a decrease in 
concentration following the formation of ice cover. This 
is what had been expected as a result of the demise and 
curtailment of phytoplankton under the ice. 



BACTERIA 

Bacteriological levels in the lagoons followed no 
definite pattern. In general, the lagoons with higher 
organic loadings had higher numbers of bacteria. The fecal 
coliform levels were in the hundreds of thousands while the 
fecal streptococci levels were in the tens of thousands. 
Pseudomonas aeruginosa counts varied from less than 4 to 
2,000 per 100 ml of water. 

ICE COVER 

During the December sampling, the six most northerly 
lagoon systems (Tavistock, Mitchell, Listowel, Wingham, 
Kincardine, and Chesley) were at least 90% covered with ice 
except for Cell #2 at Wingham. This cell had raw sewage 
diverted to it during the early winter. The amount of ice 
cover varied from 70-100% for the four southerly lagoon 
systems during the same time period. By the first week in 
January all facultative cells were 100% ice-covered. 

The ice disappeared from the lagoons between the 
middle of March and the first week in April. It is interesting 
to note that, of the 25 lagoon cells studied, 16 of the 
cells had a dissolved oxygen concentration greater than 4 
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mg/1 and a H„S concentration of less than 1 mg/1 (i.e. 
sweetened) within two weeks of the time that the ice started 
to melt (i.e. greater than 5% of lagoon area free of ice) . 
Six of the remaining cells sweetened in two to four weeks, 
while the two cells at Tavistock and Cell #1 at Ridgetown 
required approximately 8 weeks. 
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Table 2A. Characteristics of lagoon contents in Chesley 
Cell #1 during winter of 1978-79. 
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Table 2B. Characteristics of lagoon contents in Chesley 
Cell #2 during the winter of 1978-79. 
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Table 2C. Characteristics of lagoon contents 
Cell #3 during winter of 1978-79. 
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Table 



3A. Characteristics of lagoon contents in Listowel 
Cell #1 during winter of 1978-79. 
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Table 3B. Characteristics of lagoon contents in Listowel 
Cell #2 during winter of 1978-79. 
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Table 3C. Characteristics of lagoon contents in Listowel 
Cell #3 during winter of 1978-79. 
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Table 4A. Characteristics of lagoon contents in Tavistock 
Cell #1 during winter of 1978-79. 
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Table 4B. Characteristics of lagoon contents in Tavistock 
Cell #2 during winter of 1978-79. 
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Table 5A. Characteristics of lagoon cont- 

Cell #1 during winter of 1978_79 ^^ Strathroy 
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Table 5B. Characteristi 



CeirJrJn^ ''^ °^ ^^^°°" contents in Strathroy 
(-eil #2 during winter of 1978-79. ^'i-tuy 
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Table 6A. 



pofr*!'^!^^^^''^ °^ lagoon contents in Wingham 
Cell #1 during winter of 1978-79. 
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Table 6B. Characteristics of lagoon contents in Wingh 
Cell #2 during winter of 1978-79. 
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Table 7A. Characteristics of lagoon contents in Mitchell 
Cell #1 during winter of 1978-79. 
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Table 7B, 



Characteristics of lagoon contents in Mitchell 
Cell #2 during winter of 1978-79. 
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Table 8A. Characteristics of lagoon contents in Aylmer 
ceil #1 daring winter of 1978-79. 
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Table 8B Characteristics of lagoon contents in Aylmer 
Cell #2 during winter of 1978-79. 
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Table 8C. Characte 
Cell #3 



ristics of lagoon contents in Aylmer 
during winter of 1978-79. 
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8D. Characteristics of lagoon contents in Aylmer 
Cell #4 during winter of 1978-79. 
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Table 9A. Characteristics of lagoon contents in Belmont 
Cell #1 during winter of 1978-79. 
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Table 9B. Characteristics of lagoon contents in Belmont 
Cell #2 during winter of 1978-79. 
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Table lOA. Characteristics of lagoon contents in Kincardine 
Cell #1 during winter of 1978-79. 
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Table lOB. 



Characteristics of lagoon contents in Kincardine 
Cell #2 during winter of 1978-79. 
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Table llA. 



Sir*?^^^^*'^''^ °^ ^^^°°" contents in Ridgetown 
Cell #1 during winter of 1978-79. 
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Table IIB. Characteristics of lagoon contents in Ridget 
Cell #2 during winter of 1978-79. 
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Table IIC. 



Characteristics of lagoon contents in Ridgetown 
Cell #3 during winter of 1978-79. 
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Table 12. Operational mode for the lagoons shown during the winter 
of 1978-79. 



Municipal tty 
Chesley 

Listowel 
Tavistock 
Strathroy 
Wingham 

Mitchell 
Aylmer 



Kincardine 

Be I men t 



Rldgetown 



paral lei 
series 

series 

paral lei 

series 

varied 

paral lei 
varied 



series 
va r t ed 



varied 
series 



Explanation 

flow split between Cells #1 and 2 
then both overflow to Cell #3 

Cell #1 to Cell #2 to Cell #3 

split between Cell /'l and #2 

Cel 1 #2 to Cel 1 #1 



Nov 27 
Dec 22 
Mar 29 



Dec 22 
Mar 29 
May 1 



Cell n 

Cell #1 
Cell #2 



split between Cell #1, 2 and 3 

Nov 17 - Nov 29 Cel 1 #3 

Nov 29 - Dec 8 Cell #4 

Dec 8 - Dec 13 Cel I #3 

Dec 13 - Dec 20 Cell #1 

Dec 20 - Jan 5 Cell #2 

Jan 5 - Mar 12 Cell #3 

Mar 12 - Mar 28 Cell #*» 

Mar 28 - Apr II Cel 1 #) 

Apr II - Apr 30 Cell #2 

Apr 30 - May l8 Cell #3 

Cell #3 to n to #1 



Nov 


15 


- Jan 


1 5 


Cell 


#1 


Jan 


5 - 


Mar 


12 


Cell 


n 


Mar 


12 


- Apr 


■ 6 


Cell 


#1 


Apr 


6 - 


May 


17 


Cell 


#2 


May 


3 - 


Dec 


20 


Cell 


#2 








to 


Cell 


#r5 


Dec 


20 


- May 


3 


Cell 


#1 



- 40 - 



1* 






























»■ 


















































































- 


CILk 1 

CILL t 




,, 
































t« 




























, ; 






t: 




























i 










-•:"S'"-^:v 




















.-. 






..' 




• 


v.. 












»• 








,.--' 




r' 


















* 




_^y 














■•■■.■1 












* 
















\ 


v., 














. 
















\ \_ 


., 








■ 




















V > 


.:>,>, 


'\ 


^. 




• 


. 






















^\ 







t 























L-n 


\ 






















t*H 1 




















■\ 


' - 
















,1 










_* 





































I'll. 


'•/ 




** 


/ 






„.- 


1 












'■.. 






/ 




-V' — ^ 
w 

' 1 If 




■I—:; — 
"V— ' 


X- 





t 




1 






\ 
















V 






'■''' 




























J \ 

























,■'* 
,.■■ 




1 " 


























**^- 















































Figure 2 : Free ammonia concentrations in the lagoons 
studied during the winter of 1978-79. 
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Figure 3: Un-ionized ammonia concentrations in the lagoons 
studied during the winter of 1978-79. 
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Figure 4: Hydrogen sulphide concentrations in the lagoons 
studied during the winter of 1978-79. 
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Figure 5 : Undissociated hydrogen sulphide concentrations 

in the lagoons studied during the winter of 1978-79 
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Figure 6: Phenol concentrations in the lagoons studied during 
the winter of 1978-79. 



- 61 - 















































































cm < 

I- 





















— 








T~> '^ 








\ 






A 




























/' '. 






U — 


















/ 




' 


'; 






















/ 


,■■ 


.' 


1 




















,J 


























,' 










\ ', 


















/ 


























,'' 












\ 

1 
















* 


..•■' 










1 

1 












/ 


* 


















I 






*' 














..Rn_. 


tr"* 


* 



X 



'^r 






\ ! 



1 I 



>«€■«■■• 



Figure 6 : continued 



- 62 - 



"Br 

a. 















































Civ 
























Cli 
















■•■-..._ 














■■ — 


~ — 










; 






















r 












_ . 




















\ ^ 
















y 


\ / 






f 


\\ 


















/ 


^i 


/■ 






\ 


















/ 








\ 
















» 


/ 


J 










\ 














1 




; 








\ 


\ 














•/■■" 


* 










i 


\ 













J 


^ 












t 


\ 
























. 




^^- 


►'" 







•« 
■ ■ 




















































- 










_ 




CliL 1 







































































































































•5" 

1 
















: 






























^ 




























t 
t 


* 
1 


























/ 


* 


1 


























f 






\ 
\ 




















..■/ 




* 






1 
1 




















■ f 
f 










» 

H 
4 
















. 
















* \ 














t 
















•y 


VJV - ' 


w** 





Figure 6 : continued 



- 63 - 



MlHtK I.M40NI 
























— 





_ _- 
























1 












— 
















;' '; 













^^- 
























: •■■. '. 
















' ■■' \\ 


1 

1 












1 


■^ T 


























; 


























V 


', ''"--I. 






















■■' A 


I A 


^ 






















; 1 / •. 


w' 






















' 1 




















J 


'' : 




\ 






















■■■/r 






\ t 


















/■■' 


t .' 








\5 
















_/ 


;' 










'■.1 










tm**^"*'* 


*^>>-i; 


Vr.WJ 


''•-■-■:■ 


■-..''' 










t>^r!!.«> 


'♦fhi' 







3- 













































^ 
























! 1 
















; \ 




- 






... 
















\ '•• 






























i 


\ 
























} 


























;i 


; 


























"::"' 
























,' 


























f: 




























'/- 


S 




-\ 






















































\ 
















• 





•■hiJl 










\..-'' 


'-. 


.(•: , 


■■ 



































Figure 6 : continued 



- 64 - 



IIIHCAIID4MI 



A- 













— 


■ 






























r 


1 
i 










i 


> 


■ /y 






U 




... 










7^ 


\ 






















\ 




















j 




: 




\ 
















• 




! 
I 

1 




; 




\ 




















1 








1 


I 

















/ 






•; 







\ 








— 












\ 














/ 








^t-' 
















/ 










\ 















/ 










'^ 


.. I 


— 










1 














-... \ . 




1 




f 


















...-V- 


(^ 





a. 



































































i 1.^ 


L • 




— 
























1 c- 


























, "' 


' ■ ■ 
























































■■ 




























■■■ \ 




























.'' 




























/ 




























/ 


























/ 




\ 
































'■■•, 
































































'._ 






* 




— aai 






}m ^*^< 


-■ '7.•.^ 


■■1.-' 


■ m ■m.'S t 




U-AWAW 




■■■.. 


^ 





Figure 6 : continued 



- 65 - 

































'* 












" 




























CILL 1 




- 


— 

















































































































— 


— 
















t" 


































































































' — 


" ■■'4. 




















^J[~/ 


'■., 










■■ 






y 


•y' 








' "'._■ 


'\ 


-■■'••■\ '..> 










""" 


■* - - ,'*' 


y 












•^ 


























l-r' 


\ 




• 





















































































.-- ^._ 










- 
























CltL 1 




























tl^L » 
















" 


■■. 




























*. 


k^ 


























: 


\ 






.\ 
















\ 


t ■■ 
























-, 


; 




'■._ 


,i' 
























.'* 


\^ 






■ 


•>. 















\ 




•' 


', 
























.''~~ 


--■ — 


■* 

t 




" - "^^ 




f - 


--- 
























'•> 

































































Figure 7: BOD- concentrations in the lagoons studied during 
the winter of 1978-79. 
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Figure B: Total phosphorus concentrations in the lagoons 
studied during the winter of 1978-79. 
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Cell 2 
2.02 ha 



Cell 1 
2.43 ha 




Type of Discharge 
Phosphorus Removal None 



Continuous 



Month 


average 




Influent 




B.O.D (mg/l) 


Loading (kg/ha/iay) 


Total^y^<jsphorus 


Total Kjeldahl^^g^j 


Nov 


1,010 


84 


9.8 


5.35 


20.0 


Dec 


1,010 


70 


8.2 


4.80 


13.0 


Jan 


1,460 






: 




Feb 


1,090 


84 


10.6 


4.30 


20.0 


Mar 




37 




2.08 


14.25 


Apr 


1,450 










May 


1,090 











Table 12A. Monthly flow and Loading data for Chesley lagoon 
system 1978-79. 
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CelM 
Aeration Cetl 
0.61 



Cell 2 
17.16 ha 



9 9 9 




Cells 
10.77 ha 



''IP 




Type o( Discharge July-Oct Spray Irrigation 
seasonal 

(•hosphorus Removal ContinUOUS 



Month 


average 




Influent 




B.O.Q (mg/i) 


Loading (hg/ha/layj 


rot^^y^sphorus 


Total Kje(dahl^,^j 


Nov 


4,920 


84 


11.4 


6.4 


31.0 


Dec 


4,990 


263 


36.3 


4.5 


24.7 


1 

Jan 


5,350 


238 


35.3 


6.1 


26.3 


Feb 


_ , 
4,590 


285 


36.2 


7.9 


31.5 


Mar 


8,130 


240 


54 


3.7 


19.9 


Apr 


6,900 


272 


51.8 


3.5 


16.6 


May 


5,400 


88 


13.1 


3.8 


21.0 



Table 12B. Monthly flow and loading data of Listowel lagoon 
system 1978-79. 
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>^ 



V^ 



Cell 1 
6.07 ha 



5^ 



Type of Discharge Seasonal 

Phosphorus Removal Batch 



Month 


average 




influent 




B.O.Dl <mg/)) 


Loading (kg/ha/lay) 


rotal^y^cjsphoros 


Total KjeldahY^^j 


Nov 


854 


500 


26.1 


13.52 


58.7 


Dec 


932 










Jan 


868 


363 


19.3 


15.7 


56.4 


Feb 


695 


343 


14.6 


18.6 


64 


Mar 


1480 






13.0 


45.6 


Apr 


1410 




; 






May 


913 

1 ■■■ > ■ .. - — ., ^ 


313 


17.5 


10.3 


29.2 



Table 12C. Monthly flow and loading data for Tavistock lagoon 
system 1978-79. 
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/ y -«> 

* 

Cell 1 Cell 2 

a. 90 ha 1538 ha 



Type ot Discharge ContinUOUS 

Phosphorus Removal None 



Wonth 


average 




Influent 




B,O.D. (mg/l) 


Loading (kg/ha^^ay) 


Total Phosphorus 


Total Kjeldahy^g^j 


Nov 


4,190 










Dec 


3,340 










Jan 












Feb 












Mar 












Apr 












May 













Table 12D. Monthly flow and loading data for Strathroy lagoon 
system 1978-79. 
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Cell T 
6.07 ha 



Cell 2 
6.07 ha 




Type of Discharge Continuous 

Phosphorus Removal None 



Month 


average 




Influent 




B.O.D, (mg/l) 


Loading (kg/ha/layj 


To.|,_^^y,<^sphorus 


TolalKjetdahl^^g^j 


Nov 


2010 


195 


25.6 


10.3 


43 


Dec 


2310 


4 8 


7.2 


2.5 


12 


Jan 


2786 


79 


14.3 


3.7 


12.7 


Feb 


2860 










Mar 


6200 


36 


14.6 


1.3 


6.75 


Apr 




34 




3.59 


18.7 


May 


1790 


140 


16.4 


4.5 


23.3 



Table 12E. Monthly flow and loading data for Wingham lagoon 
system 1978-79. 
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Cell 1 
8.50 ha 



S 



^ 



o 

Cell 2 
B.50 ha 



U- 



V- 



J^ 



-^ 



Cell 3 
10.32 ha 




Type ot Discharge Seasonal 

Phosphorus Removal Batch 



Monlh 


average 


Influent 


B.O.D. (mg/) 


Loading (kg/ha/dayj 


rot^^f^l^^rus 


Total Kjeldah^^g^j 


Nov 


2560 










Dec 


2780 










Jan 


10600 










Feb 


2530 


100 


7.3 


5.10 


21.0 


Mar 


3740 










Apr 


3440 


110 


11.0 


4.35 


15.8 


May 


. * 











Table 12F. Monthly flow and loading data for Mitchell lagoon 
system 1978-79. 



- Bl 





Cell 1 
7 16 ha 



l^ 



Cell 2 
B.30ha 



r 



^ 



Cell 3 
6. 48 ha 



X>- 



Cell 4 
7.16 ha 



Type of Discharge 



Phosphorus Remowal 



Seasonal 



Batch 



Month 


average 




Influent 




B.O.D. (mg^) 


Loading (kg/ha^ay) 


Total Phosphorus 


Total K,eldahy^g^j 


Nov 


2,680 


91 


6.6 


15.8 


26.9 


Dec 


3,120 


54.4 


4.6 


6.8 


14.9 


Jan 


2,910 


217 


17.2 


16.9 


36.3 


Feb 


3,210 


98 


8.6 


12.1 


35.0 


Mar 


5,230 


117 


16.6 


12.2 


23.3 


Apr 


3,770 


106 


10.9 


7.4 


12.9 


May 


4,000 

- 


72 


7.8 


8.1 


45.5 



Table 12G. Monthly flow and loading data for Aylmer lagoon 
system 1978-79. 
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* 


A 


^ 




1 
1 


s 
\ 








r ' 

1 


■^ 


f - 


V 






Cell 2 
3.28 ha 




Cell 1 
3.28 ha 








^ 


) 


^ 


\ 













Type of Discharge Seasonal 
Phosphorus Removal BatCn 



Month 


average 


Influent 


B.O.D (mg|/i» 


Loading (kg/ha/layj 


rotj,l^f,,C}sphorus 


Total Kjeldahl^^j 


Nov 


186 


80 


1.8 


6.6 


42.2 


Dec 


304 


101.5 


3.7 


5.7 


31.7 


Jan 


191 


56 


1.3 


5.02 


27.5 


Feb 


74 


82 


0.7 


5.91 


34.2 


Mar 


436 


22 


1.2 


2.12 


13.5 


Apr 


391 


162 


7.7 


8.2 


58.4 


May 


282 


77 


2.6 


9 


59 



Table 12H. Monthly flow and loading data for Belinont lagoon 
system 1978-79. 
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Type ot Discharge Continuous 

Phosphorus Removal None 



Month 


average 


Influertt 


B.O.Q (mg/i) 


Loading (;|<g/ha^3y) 


Ibt^^sphorus 


Total KjeWahy^^^ 


Nov 


1860 


15.5 


1.8 


2.22 


15.0 


Dec 


2110 


66 


8.5 


4.47 


32.6 


Jan 


1870 


131.5 


15.1 


7.2 


41 


Feb 


1710 


152 


15.9 


8.0 


33.5 


Mar 


2870 


96 


16.9 


5.5 


22.7 


Apr 


2850 


75 


13.1 


4.9 


21.0 


May 


2300 

1 , - 


108 


15.2 


'6.2 


36.5 



Table 12l. Monthly flow and loading data for Kincardine lagoon 
system 1978-79. 



- 84 - 



■^ 



Cell 3 
5.26 ha 




^ 



Type ot Discharge Seasonal 

Phosphorus Removal BatCh 



Month 


average 


influent 


B.O.n (mg/l) 


Loading(kg/ha/tay) 


To,^^t?,<^sphorus 


Total Kjeldahl^^g^^ 


Nov 


664 


175 


5.7 


11.5 


42.5 


Dec 


704 








1 


Jan 












Feb 












Ma, 












Apr 


1,240 










May 


945 


82 


3.8 


6.00 


31.0 



Table 12J. Monthly flow and loading data for Ridgetown lagoon 
system 1978-79. 
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List of Abbreviations 



A approximate bacteriological count due to dilution 

ave . average 

BODc- five-day biochemical oxygen demand 

C approximate bacteriological count due to crowding 

C Celsius degrees 

diss dissolved 

D.O. dissolved oxygen 

F.C. fecal coliform 

filt. filtered 

F.S. fecal streptococcus 

G greater than 

hr hour 

H_S hydrogen sulphide 

Kg/ha/day kilograms per hectare per day 

Kjel. Kjeldahl nitrogen 

L^ less than 

m /s cubic meters per second 

MGD million Imperial gallons per day 

mg/1 milligrams per litre 

ppb parts per billion 

ppm parts per million 

Ps. a. Pseudomonas aeruginosa 

susp. suspended 

T.C. total coliforms 

Temp temperature 



